Background
Medication-related osteonecrosis of the jaw (MRONJ) is a severe adverse drug reaction defined by the American Association of Oral and Maxillofacial Surgeons (AAOMS) as "the presence of exposed necrotic bone or bone that can be probed through an intraoral or extra-oral fistula in the maxillofacial region, that has persisted for longer than eight weeks, occurring in patients undergoing treatment with antiresorptive or antiangiogenic agents with no history of radiation therapy or obvious metastatic disease to the jaws" [1] .
MRONJ onset depends on different factors including duration of the antiresorptive/antiangiogenic therapy and oral or intravenous drug administration, with far more cases reported after intravenous infusion [2] , presence of local risk factors such as tooth extraction, placement of dental implants, periapical surgery, or dental abscesses [3] , concomitant treatment with corticosteroids, chemotherapies, and hormone therapy, presence of patient comorbidities such as immunodeficiency, diabetes mellitus, obesity, or hypercholesterolemia [4, 5] .
MRONJ has been known as bisphosphonate-related osteonecrosis of the jaw (BRONJ) for a long time, because it was related to the administration of oral and intravenous bisphosphonates (BPs) for the treatment of osteoporosis, multiple myeloma, and metastatic cancer deposits. In 2014, a special committee of AAOMS recommended a change in nomenclature for MRONJ [1] due to the growing number of osteonecroses associated with other antiresorptive and antiangiogenic drugs [6] . Consequently, denosumab, bevacizumab, rituximab, adalimumab, and sunitinib were considered responsible for MRONJ in several publications [6] [7] [8] [9] [10] [11] [12] [13] , and it is reasonable to expect additional drugs to join this list over the next few years, with infliximab potentially being among them.
Infliximab is a chimeric human-murine IgG1 monoclonal antibody that acts as a tumor necrosis factor-a (TNF-a) inhibitor; it is indicated for the treatment of rheumatoid arthritis, adult and pediatric Crohn's disease, ulcerative colitis, ankylosing spondylitis, and psoriatic arthritis.
The aim of this study was to report a case of MRONJ in a patient affected by Crohn's disease who had been undergoing infliximab administration for several years, but had never been administered with antiresorptive or antiangiogenic therapies.
Case Report
A 49-year-old female patient was referred to the Oral Surgery Unit of the Policlinic of Bari (Italy) on March 2016 for intra-and extra-oral necrotic bone exposures of the anterior mandible ( Figure 1A , 1B), associated with submandibular swelling, pus discharge, and pain. The patient's medical history revealed that in 2003 she was diagnosed with Crohn's disease and, therefore, salazopyrin (500 mg orally, three times a day) and mesalazine (800 mg orally, three times a day) were administered. Subsequently, from February 2004, due to poor response to treatments, infliximab (250 mg intravenous every six weeks) was prescribed. The patient had never undergone antiresorptive, antiangiogenic, or steroid therapies, and other comorbidities or risk factors, such as smoking and alcohol abuse, were excluded. swelling. Subsequently, on February 2016, due to worsening of the symptoms and to the onset of skin ulceration with extraoral necrotic bone exposure of the anterior mandibular area, the patient was referred to our clinic.
Clinical examination highlighted a 3 cm painful bone exposure, from the 3.2 to 4.1 at post-extractive sites, with pus discharge. The use of dental probes and the leaking of saliva from the extra-oral ulcer allowed us to diagnose an intra-extra-oral fistula in the area of bone exposure.
The radiological exam orthopantomography (Rx OPT) ( Figure 2A ) showed a poorly defined radiolucency in the area of bone exposure (3.2, 3.1 and 4.1 post-extraction sites) was detected, and enhanced multi-slice spiral computed tomography with 3D reconstruction ( Figure 2B ) showed an area of osteolysis of the alveolar process in the anterior mandible, involving the lingual cortical plate up to the inferior margin, while the facial cortical plate was preserved.
The severity of the symptoms and the clinical presentation allowed us to exclude the diagnosis of alveolar osteitis, while the presence of pus discharge ruled out the possibility of chronic sclerosing osteomyelitis. Also, based on routine blood tests, leukemia was ruled out, while other malignancies, such as osteosarcoma and lymphoma were considered unlikely in view of the strict correlation between teeth extraction and the onset of the clinical symptoms, the latter frankly pointing at the non-neoplastic origin of the process. Based on clinical examination and radiological imaging, a provisional diagnosis of MRONJ was formulated, and the lesion was classified as stage 3 according to the AAOMS staging system [1] .
Based on these findings, infliximab treatment was suspended and the patient underwent three cycles of antibiotic therapy with ceftriaxone (1 g/once a day by intramuscular injection) and metronidazole (500 mg/twice a day orally) for eight days, followed by 10 days of suspension. resection, involving the residual alveolar process ( Figure 3A ) and the lingual cortical plate up to its inferior margin, with preservation of the facial cortical plate. After resection, the bone surface was treated by a piezoelectric device to remove residual infected and necrotic tissues, to possibly prevent MRONJ recurrence. Finally, a gel compound composed of sodium hyaluronate and amino acids was put into the bone defect to reduce the healing time. Debridement of the cutaneous necrotic area was also performed, and an iodoform gauze was put into the external infected wound ( Figure 3B ), which was removed three days after the surgical treatment. Also, an additional cycle of antibiotics (as previously indicated) was prescribed.
The surgical specimen was fixed in neutral-buffered formalin and sent to the Pathological Anatomy Unit of the Policlinic of Bari, where it was decalcified in formic acid (5% in distilled water) for 24 hours, embedded in paraffin, sectioned at 4-μm thickness, and stained with hematoxylin-eosin. The histopathological analysis of the decalcified samples showed areas of bone necrosis with inflammatory cell infiltration and several basophilic bacterial colonies, empty Haversian canals without residual osteocytes/osteoblasts, and reduction of Haversian blood vessels, thus confirming the clinical diagnosis of MRONJ.
Following the surgical treatment, both intra-and extra-oral wounds healed without complications and without recurrence after 16 months of clinical and radiological follow-up ( Figure 4A-4C ). Rehabilitation with a removable prosthesis was chosen to guarantee functions and aesthetics, with good stabilization of the surgical sites.
This study was performed in accordance to the principles of the Declaration of Helsinki and was approved by our institution ethics committee (Study no. 4599, Prot. 1528/C.E.); the patient released informed consent for the diagnostic and therapeutic procedures and the possible use of the biologic samples for research purposes.
A B Figure 4 . Intra-and extra-oral wound healing. Rehabilitation with a removable prosthesis was chosen to guarantee function and aesthetics (A). Clinical (B) and radiological (C) healing of surgical wound after 12-month follow-up are shown.
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Discussion
MRONJ caused by intravenous and oral BPs has been extensively characterized over the last 13 years. To date, inhibitors of RANKL (denosumab) [8, 14] , of angiogenesis (bevacizumab and rituximab) [7, 15, 16] , of tyrosine kinase receptors (sunitinib) [11] , and of TNF (adalimumab) [10] have already been related to MRONJ in distinct case series, thus prompting the change in nomenclature from bisphosphonate-related osteonecrosis of the jaw (BRONJ) to MRONJ.
We, hereby, report a case of infliximab-related MRONJ in a patient affected by Crohn's disease, who had been first treated by salazopirine/mesalazine and subsequently by infliximab (250 mg intravenously every six weeks for 12 years), who had never received antiresorptive/antiangiogenic therapies. A similar case of MRONJ, possibly related to infliximab administration, was reported by Ebker et al. in 2013 in a patient with rheumatoid arthritis; nevertheless, the same patient had been simultaneously treated with BPs [17] , thus leading the authors to stress the possible facilitating role of infliximab in the onset of MRONJ in patients taking BPs.
In the current case, MRONJ developed after years of infliximab treatment, in the absence of BPs administration and following teeth extraction. The lesion was staged as stage 3 according to the AAOMS staging system [1] , due to its severity, with intra-oral bone exposure and with involvement of the cutaneous surface. Following multiple antibiotic cycles, the patient underwent surgical therapy with wide bone resection and debridement of the cutaneous area. The preservation of the facial cortical plate prevented mandibular fracture and after 16-months of clinical and radiological follow-up, the patient completely healed without recurrence ( Figure 4A-4C) . The histopathological analysis of the surgical specimen confirmed the diagnosis of MRONJ.
Infliximab is a genetically engineered chimeric human/mouse monoclonal antibody [18] , which binds with high affinity to both the soluble and the transmembrane forms of human TNF-a, a key mediator of mucosal inflammation. Activities inhibited by anti-TNF-a antibodies include induction of interleukins, enhancement of leukocyte migration, and expression of adhesion molecules. Increased levels of TNF-a have been reported to be involved in active Crohn's disease, ulcerative colitis, ankylosing spondylitis, psoriatic arthritis, plaque psoriasis, and rheumatoid arthritis. Infliximab has been increasingly used to treat all these inflammatory conditions [19] . In a recent review, Scheinfeld reported the most important side effects related to infliximab were: lymphoma, infectious diseases, congestive heart failure, demyelinating disease, lupus-like syndromes, induction of auto-antibodies, reactions at the injection site, and diabetes mellitus [13] . To date, the potential implications of infliximab treatment in patients receiving oral surgery have not been fully elucidated in the literature [19] . An extended clinical trial showed that anti-TNF biologics are related to better mucosal healing but, at the same time, they may interfere with bone physiology and turnover, and with wound repair [20] . TNF-a plays an important role in systemic bone loss and turnover, due to its ability to promote osteoclasts and osteoblasts activity [14] . Anti-TNF-a biologics possibly are responsible for bone turnover inhibition, probably by reduction of RANKL, thus resulting in osteoclast function inhibition, as already demonstrated in patients with rheumatoid arthritis [10] . Such anti-TNF-a-mediated reduction of systemic bone loss may certainly increase the risk of MRONJ [14] , similarly to what detected in patients taking BPs or denosumab, the latter also acting as inhibitors of osteoclast functions [21] [22] [23] [24] . It is worth noting that anti-TNF-a treatments may facilitate infectious complications due to immunosuppression and, therefore, MRONJ occurrence in patient taking anti-TNF-a drugs may also result from "spreading of ongoing infections" [9] .
Conclusions
Further studies are required to confirm the role of infliximab in MRONJ occurrence, but as recommended for patients undergoing treatment with BPs, denosumab, bevacizumab, or adalimumab [25] , prevention of MRONJ by dental check-up before and during infliximab therapy is vital to prevent MRONJ occurrence, or to detect lesion at earlier stages, thus requiring less invasive treatments, and possibly manifesting lower recurrence rates.
Furthermore, in consideration of the increasing number of drugs which may facilitate MRONJ onset, the prescription of all biological drugs should require more attentive evaluation of well-known risk factors for MRONJ by all the prescribing specialists. Among the latter, the role of rheumatologists is especially important due to the large number of rheumatologic diseases which require the administration of new biological drugs, thus these patients are potentially at risk for MRONJ.
